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(54) Filtering apparatus. 

(57) A filtering apparatus includes a filter vessel 
(10) having an inlet (15) and an outlet (16) for 
fluid. A tube sheet (20) is disposed within the 
filter vessel and separates the inlet from the 
outlet. A plurality of elongated filter elements 
(41) extend nonvertically from the tube sheet, 
each filter element having a first end and a 
second end farther from the tube sheet than the 
first end and being at a different height than the 
first end. 
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Background of the Invention 

1 . Industrial Field of Use 

The invention relates to a filtering apparatus for 
fluids, including gases and liquids. More particularly 
but not exclusively, it relates to a filtering apparatus 
for hot gases, 

2. Description of the Related Art 

In many applications, a filtering apparatus forflu- 
ids comprises a plurality of filter elements arranged 
in a vessel. A fluid is fed into the vessel and is filtered 
through the filter elements before leaving the vessel 
through an outlet. An example of such a filtering ap- 
paratus is a hot gas filtering apparatus. 

Hot gas filtering apparatuses are used to sepa- 
rate particulates from a hot gas flow which may have 
a temperature between 300 and 1000°C and a pres- 
sure of up to 20 bars. Such hot gases are found, for 
example, in power generation systems where the gas 
drives a turbine. The gas may be derived from a proc- 
ess such as a pressurized fluidized bed. Hot gases of 
this kind are also found in gasification combined cy- 
cles and fluidized catalytic cracking. 

In a process of this kind, the hot gases generated 
are laden with particles such as dust and ash. For this 
reason, after generation, the hot gases are generally 
passed first through a cyclone, which removes the 
majority of these particles. However, such cyclones 
do not remove fine particles such as fly ash and it is 
essential that such particles be removed since gas 
turbines, for example, are very sensitive to the pres- 
ence of such particles. In addition, since the gas is ex- 
hausted to the atmosphere after passing through the 
turbine, it is desirable not to discharge such particles 
into the atmosphere. Hot gas filtering apparatuses 
are used to remove these particles. 

A hot gas filtering apparatus may contain a num- 
ber of filter elements which, because of the tempera- 
tures encountered (in the range of 800°C) are usually 
made of ceramic materials such as silicon carbide. 
However, such filter elements, commonly referred to 
as candles, have a low flow per unit pressure drop and 
this, combined with the requirement to remove all par- 
ticles for significant periods of time and combined 
with high gas flow rates, requires a large number of 
filter elements. For example, a hot gas filtering appa- 
ratus may contain thousands of such elements. 

One form of hot gas filtering apparatus has a filter 
vessel containing a plurality of filter elements with an 
inlet feeding particulate-laden hot gas to the outer 
surface of the filter elements and an outlet removing 
filtered hot gas from the interiors of the filter ele- 
ments. The filter elements may be vertically suspend- 
ed from a manifold. 

Hot gas ceramic filter elements have a limited 



lifetime in the range of 6 - 18 months. Due to severe 
service conditions, they can be susceptible to dam- 
age. For example, ceramic candles are susceptible to 
thermal shock cracking, since ceramics are inherent- 

5 ly brittle. For this reason, it is desirable to be able to 
remove and replace individual filter elements. How- 
ever, in a conventional filtering apparatus, doing so 
can require the dismantling of significant portions of 
the filter vessel and is thereof time-consuming. F ,r 

w thermore, service personr who la-jiace „ t.Uti 
elements frequently must enter into the region of the 
vessel surrounding the filter elements and may be ex- 
posed to harmful substances present in the vessel. 
A filtering apparatus for use with a commercial- 

15 size pressurized fluidized bed combustion system 
may have as many as 1 0,000 filter elements. If the fil- 
ter elements are arranged in a conventional manner 
within a vessel, the vessel and a tube sheet for sup- 
porting the filter elements must be quite large and 

20 correspondingly expensive to manufacture, especial- 
ly if they are made from high temperature alloys. For 
example, a conventional flat tube sheet able to sup- 
port 2000 ceramic candles may need a diameter of 
more than 5 meters. The large size of the tube sheet 

25 results in increased mechanical loading on the tube 
sheet from both the weight of the filter elements and 
the pressure differential across the tube sheet. This 
results in thicker and more expensive tube sheets as 
the number of filter elements increases. The in- 

30 creased expense becomes particularly marked as 
the operating temperature of the filtering apparatus 
increases, because the high operating temperatures 
and corrosive atmospheres in many applications re- 
quire the use of high cost materials. Even these ma- 

35 terials have significantly reduced strength and ele- 
vated temperatures, resulting in even thicker tube 
sheets being required. 

Accordingly, there is a need for a filtering appa- 
ratus which can support a large number of filter ele- 

40 ments with a light-weight, economical structure. 
There is also a need for a filtering apparatus which 
can compactly support a large number of filter ele- 
ments while still permitting the filter elements to be 
easily replaced. 

45 After filtering for a period of time, the filter ele- 

ments of some fluid filtering apparatuses are custom- 
arily cleaned by supplying them with fluid which is di- 
rected into the interior of each filter element and 
emerges from the exterior surface to remove from the 

so exterior surface particulate matter clinging to the sur- 
face. This cleaning method is commonly referred to as 
backwashing (when the fluid is a liquid) or blowback 
(when the fluid is a gas). The term "r v rse flow 
cleaning" will be used to cover both situations. In fil- 

55 tering apparatuses in which blowback is performed, 
it is customary to blow gas through each filter element 
individually, and significant amounts of piping are re- 
quired to conduct fluid to each filter element. When 
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the filtering apparatus includes thousands of filter 
elements, the cost of th piping can be extremely 
high. 

Summary of the Invention 5 

It is an object of the present invention to provide 
a filtering apparatus having filter elements which can 
be easily installed and replaced with minimized health 
risk to service personnel who do the installation and io 
replacement. 

it is another object of the present invention to pro- 
vide a filtering apparatus having filter elements com- 
pactly arranged. 

It is a further object of the present invention to 15 
provide a filtering apparatus having a simple struc- 
ture for cleaning filter elements with a fluid by reverse 
flow cleaning. 

It is yet another object of the present invention to 
provide a strong yet light tube sheet capable of sup- 20 
porting a plurality of filter elements. 

The present invention provides a filtering appara- 
tus including a tube sheet and a plurality of filter ele- 
ments mounted on the tube sheet. 

According to one aspect of the present invention, 25 
the filtering apparatus includes a filter vessel having 
an inlet and an outlet for fluid and a tube sheet dis- 
posed within the filter vessel. A plurality of filter ele- 
ments are supported by the tube sheet extending di- 
agonally from the tube sheet. In a preferred embodi- 30 
ment, each filter element extends diagonally down- 
wards from the tube sheet. 

Inclining the filter elements with respect to the 
vertical enables a large number of the filter elements 
to be housed within a small volume while enabling 35 
particulate matter to slide down the filter elements 
during reverse flow cleaning. 

Preferably, the dimensions of the tube sheet are 
such that the filter elements can be withdrawn in their 
lengthwise direction entirely into the chamber defined 40 
by the tube sheet. 

According to another aspect of the present inven- 
tion, the filtering apparatus includes a filter vessel 
having an inlet and an outlet for fluid. A tube sheet is 
disposed within the filter vessel and separates the in- 45 
let from the outlet. The tube sheet has a double-wal- 
led structure with first and second opposing walls 
separated by a space, and a plurality of filter ele- 
ments are supported by the tube sheet, preferably in 
a manner permitting the filter elements to be installed 50 
on and detached from the tube sh et without disas- 
sembling the tube sheet. 

The double-walled structure makes the tube 
she t strong yet light and easier to form holes in than 
a solid tube sheet. The space between the walls of the 55 
tube sheet may be connected to the xterior of the 
vessel by a passage for a reverse flow cleaning fluid 
for the filter elements. By introducing a reverse flow 



cleaning fluid betw en the walls of the tube sheet, 
there can be significant savings in the volume of pi- 
pework required for the cleaning fluid. In addition, in 
a hot gas filtering apparatus, the cleaning fluid, which 
is a gas, will be pre-heated by passage between the 
walls and thereby reduce the possibility of thermal 
shock to the filter elements. Furthermore, the com- 
paratively large volume between the walls minimizes 
the pressure drop on the gas. 

The tube sheet may have various shapes, such 
as planar or tubular. According to one aspect of the in- 
vention, the tube sheet defines a chamber having a 
periphery bounded by the tube sheet, and the interior 
of the chamber sheet is accessible from outside the 
vessel for removal of the filter elements from the tube 
sheet. 

By mounting the filter elements on a tube sheet 
defining a chamber which is accessible from the ex- 
terior of the vessei, individual filter elements can 
readily be removed from the interior of the tube sheet 
without service personnel having to enter into con- 
taminated portions of the vessel. The health risks to 
service personnel are therefore greatly reduced. 

In a preferred embodiment, the vessel is elongat- 
ed with the length thereof arranged vertically. An up- 
per end of the vessel is provided with a closable ser- 
vice opening through which service personnel can ac- 
cess the inside of the chamber defined by the tube 
sheet. 

The vessel may contain a plurality of such tube 
sheets, each carrying a plurality of filter elements 
and each communicating with the exterior of the ves- 
sel. By having a plurality of tube sheets each def ining 
a separate chamber, the filter elements on different 
tube sheets can be cleaned separately from one an- 
other. To more effectively utilize the vessel space, the 
filter elements can be of varying length. 

It will be appreciated that the various aspects of 
the invention described above can be utilized togeth- 
er in any combination. 

Brief Description of the Drawings 

Figure 1 is a vertical cross-section of an embodi- 
ment of a hot gas filter arrangement according to the 
present invention. 

Figure 2A is an enlarged view of one of the filter 
assemblies of Figure 1 , Figure 2B is a cross-sectional 
view taken along line B-B of Figure 2A, and Figure 2C 
is a cross- sectional view of another embodiment. 

Figure 3A is a transverse cross-sectional view of 
the embodiment of Figure 1, and Figure 3B is an en- 
larged view of a portion of Figure 3A. 

Figure 4A is a transverse cross-sectional view of 
another embodiment of the present invention having 
an octagonal tube sheet, and Figure 4B is an enlarged 
view of a portion of Figure 4A. 

Figures 5 A and 5B are transverse cross- 
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sectional views of embodiments of the present inven- 
tion having a plurality of tube sheets. 

Figure 6 is an enlarged vertical cross-sectional 
view of the downstream end of one of the filter assem- 
blies of the embodiment of Figure 1 . 5 

Figures 7 through 9, 10A, and 10B are cross- 
sectional views of other embodiments of the present 
invention. 

Description of Preferred Embodiments w 

Figures 1 to 3 illustrate a first embodiment of a fil- 
tering apparatus according to the present invention. 
The illustrated embodiment may be used in filtering 
hot gas, but the present invention is not restricted to 15 
use with any particular fluid, and can be used to filter 
both liquids and gases. 

The illustrated embodiment includes an outer 
vessel 10 of generally cylindrical shape with the axis 
of the vessel 1 0 arranged vertically, although the ves- 20 
sel 10 may have any suitable shape and orientation. 
A particulate outlet 11 is provided at a lower end of the 
vessel 10. The upper portion of the vessel 10 is pro- 
vided with a service opening 12 surrounded by an an- 
nular flange 13. A lid 14 is detachably secured to the 25 
flange 13 by bolts or other suitable means to enable 
the service opening 12 to be opened and closed. A 
side wall having a cylindrical upper portion and a con- 
ical lower portion extends between the particulate 
outlet 11 and the service opening 13. A hot gas inlet 30 
15 for gas to be filtered and an outlet 16 for filtered 
gas are provided in the cylindrical portion of the ves- 
sel 1 0. The interior surfaces of the vessel 1 0 are lined 
with a heat-insulating material 17 such as a ceramic 
material. Such materials are well known in the art. 35 

The vessel 10 is illustrated as being formed as a 
unitary structure between the particulate outlet 11 
and the service opening 12, but it may be formed of 
a plurality of sections joined together in a fluid-tight 
manner by suitable means, such as body flanges bolt- 40 
ed or welded together. 

A plurality of filter assemblies 40 are supported 
inside the vessel 1 0 by an upright tube sheet 20 which 
separates the inlet 1 5 from the outlet 1 6 of the vessel 
10. The filter assemblies 40 can be mounted on the 45 
tube sheet 20 in any suitable manner. The number of 
filter assemblies 40 will depend upon the size of the 
filtering apparatus and may be several thousand or 
more. The tube sheet 20 defines a chamber 21 sur- 
rounded by the side and end wails of the tube sheet so 
20 and having an exterior communicating with the in- 
let 1 5 and an interior communicating with the outlet 
16. The shape of the tube sheet 20 is not critical. In 
the present embodiment, as shown in Figure 3A, it is 
a vertical cylinder with an outer diameter generally 55 
equal to the diameter of the service opening 12. It is 
suspended from the flange 1 3 and extends into the in- 
terior of the vessel 10 coaxial with the central axis of 



the vessel 10. Additional supports (not shown) may 
be arranged between the tube sheet 20 and the ves- 
sel 10 to secure the tube sheet 20 in place within the 
vessel 10. The tube sheet 20 is open at its upper end 
and is provided with an end wall closing its lower end. 
The end wall can be of various shapes, such as flat, 
conical, or arcuate. The walls of the tube sheet 20 can 
be of any structure which enables them to support the 
filter assemblies 40. For example, the walls of the 
tube sheet 20 may be solid, or as described below, 
they may be hollow with a double-walled construc- 
tion. 

A plate 18 rests on the ooen end -y ~ 

20 and carries a heat snteici i9 which hangs from me 
piate 18 and which plugs the upper end of the tube 
sheet 20 to reduce the passage of heat from the in- 
terior of the tube sheet 20 to the lid 14 and the flange 
13, which might be damaged by such heat. An exam- 
pie of a suitable heat shield 19 is one formed by a plur- 
ality of layers of sheet metal. 

The tube sheet 20 has an outlet 22 for filtered flu- 
id which extends from the side wall of the tube sheet 
20 and connects the interior of the tube sheet 20 with 
the vessel outlet 16. 

Each filter assembly 40 includes an elongated fil- 
ter element 41 projecting outwardly from the tube 
sheet 20 into the vessel 10 and a mount 42 connect- 
ing the filter element 41 to the tube sheet 20. As 
viewed from above, the filter elements 41 may extend 
either radiaUy (as shown in Figure 3A) or nonradially 
with respect to the axis of the tube sheet 20. In addi- 
tion, the filter elements 41 may be inclined at any an- 
gle with respect to the vertical, including horizontal. 
However, in order to assist debris in falling off the filter 
elements 41 during reverse flow cleaning, preferably 
the filter elements 41 either slope upwards or down- 
wards from their inner ends (the ends attached to the 
tube sheet 20) towards their outer ends. More prefer- 
ably, the outer end of each filter element 41 is prefer- 
ably lower than its inner end so that debris will slide 
off the outer end of the filter element 41 during re- 
verse flow cleaning rather than accumulating along 
the outer surface of the tube sheet 20. Preferably, the 
outer end of each filter element 41 is spaced from the 
inner wall of the vessel 10. 

As shown in Figure 2A, which is an enlarged view 
of one of the filter assemblies 40 of Figure 1 , each fil- 
ter element 41 has a centerline which is inclined away 
from the vertical by an angle a. Preferably, this angle 
a is between 10° and 60° and more preferably be- 
tween 20° and 45°. Many of the filter elements 41 ex- 
tend through the space between the vertical side wall 
of the vessel 10 and the vertical side wall of the tube 
sheet 20. The angle a may be selected to allow effi- 
cient packing of the filter elements 41 in this space 
and/or to reduce the outside diameter of the vessel 
10. 

The filter element 41 is not restricted to any par- 
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ticular type and can be selected in accordance with 
the fluid which is to b filtered. In a filtering apparatus 
for hot gas, an example of a suitable filter element 41 
is a commercially available ceramic filter element 
made from silicon carbide. Another preferred filter 
element for use with hot gas is formed of a porous 
metal medium such as sintered porous stainless 
steel. Such a filter element is available from Pall Cor- 
poration of East Hills, New York under the trade name 
PSS. Examples of other suitable high temperature fil- 
ter elements include glass fiber filters while natural 
fiber filters and polymeric fiber or membrane filters 
may be used for lower temperature environments. 
The filter element 41 can be a reusable filter element 
which can be cleaned by reverse flow (backwashing 
or blowback) while installed on the tube sheet 20, or 
it may be a disposable element which is simply re- 
placed when it becomes loaded with contaminants. In 
some embodiments, a pre coat layer may be deposit- 
ed on each filter element and then removed once it is 
spent or fouled. 

The filter elements 41 of Figure 1 are elongated, 
hollow tubes having an outer end which is closed and 
an inner end communicating with the inside of the 
tube sheet 20. However, filter elements without a hol- 
low center are equally applicable to the present inven- 
tion. 

When the filter element 41 is long, it may have in- 
sufficient strength to support its own weight when ex- 
tending diagonally from the tube sheet 20 as a canti- 
lever. Accordingly, as shown in Figures 2Aand 28, the 
filtering apparatus may include a support member for 
supporting the filter element 41 . In this embodiment, 
such a support member 70 includes a rigid bar 71 se- 
cured to the tube sheet 20 and extending parallel to 
and below the filter element 41 . Y-shaped crotches 72 
formed from metal rods are secured to the bar 71 at 
intervals. The filter element 41 loosely rests atop the 
crotches 72, which support the weight of the filter ele- 
ment 41. 

Figure 2C is a cross-sectional view of another 
embodiment of the present invention employing a dif- 
ferent structure for supporting the filter elements 41 . 
Guard plates 73 made of a high-temperature material 
are mounted on the outside of the tube sheet 20 be- 
tween tiers of filter elements 41 at prescribed inter- 
vals, such as beneath every third tier. The guard 
plates 73 act as chutes for particulate matter dis- 
lodged from the filter elements 41 during reverse flow 
cleaning and prevents the particulate matter from fall- 
ing onto filter elements 41 disposed beneath the 
guard plates 73. Particulate matter which falls onto 
the guard plates 73 from the filter elements 41 during 
cleaning slides down the upper surfaces of the plates 
73 to their outer edges and then falls to the bottom of 
the vessel 10 without contacting the filter elements 
41 beneath the guard plates 73. The guard plates 73 
can be equipped with Y-shaped crotches 72 or similar 



members for supporting the filter elements 41, there- 
by serving the same function as the support mem- 
bers 70 of Figure 2A. A guard plate 73 can also be dis- 
posed above the uppermost tier of filter elements 41 
5 to make the flow of gas from the inlet 15 more uniform 
and to protect the filter elements 41 from too high a 
flow rate. The shape of the guard plates 73 is not crit- 
ical, but preferably they are shaped so as to permit 
vertical flow of fluid past the filter elements 41 along 
10 the outside of the tube sheet 20. For example, if the 
guard plates 73 are conical and extend around the en- 
tire periphery of the tube sheet 20, they may be 
formed with perforations through which fluid can flow. 
Alternatively, each guard plate 70 can be formed of a 
75 plurality of sections separated by gaps for fluid flow. 

The inner diameter of the tube sheet 20 is prefer- 
ably sufficiently large that a service worker can enter 
into the chamber 21 defined by the tube sheet 20 in 
order to install and replace tbef ilter elements 41 from 
20 within the chamber 21. The inner diameter and the an- 
gle a are preferably arranged such that each filter ele- 
ment 41 can be withdrawn entirely into the chamber 
21 in the lengthwise direction of the filter element 41 . 
Accordingly, the inner diameter of the tube sheet 20 
25 will depend upon the lengths of the filter elements 41 
and the angle a at which they are supported. 

The filtering apparatus described above with ref- 
erence to the drawings has a number of advantages: 
1 . A tubular tube sheet, such as tube sheet 20 of 
30 Figure 1 , allows easy access to the interior of the 

tube sheet via the service opening 12 in the ves- 
sel 10. Thus, maintenance of any of the filter as- 
semblies 40 can be easily and quickly achieved 
with a decrease in down time. In contrast, in a 
35 conventional filtering apparatus containing a 

large number of filter elements, it is frequently 
necessary to disassemble significant portions of 
the filter vessel in order to replace any of the filter 
elements. 

40 2. The presence of the heat shield 1 9 protects the 

lid 14 and the flange 13 of the vessel 10 from the 
effects of the heat within the tube sheet 20. 
3. The fact that the tube sheet 20 depends from 
the top of the vessel 10 means that the filtering 

45 apparatus can be scaled to size by simply in- 

creasing or decreasing the axial lengths of the 
vessel 10 and the tube sheet 20 with the addition 
or removal of an appropriate number of filter as- 
semblies. 

so 4. The inclining of the filter elements 41 away 

from the v rtical relative to the tube sheet axis 
has a number of advantages. It allows the filter 
elements 41 to be mounted on vertically extend- 
ing surfaces and so allows a large number of filter 

55 elements 41 to be packed into a given volume, 

and 2000 or more filter elements 41 can easily be 
housed within a single filter vessel 1 0. In addition, 
the angling of the filter elements 41 allows cake 
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released by reverse flow cleaning to fall readily 
clear of the filter elements 41 to the particulate 
outlet 11 of the vessel 1 0, The angling also allows 
easy replacement of the filter elements 41 from 
the interior of the tube sheet 20, since each filter 5 
element 41 can be withdrawn in a direction along 
its centerline into the interior of the tube sheet 20 
even though the diameter of the tube sheet 20 is 
less than the length of each filter element 41. 

5. The heat insulation 17 for the vessel 10 is lo- 10 
cated outside of the tube sheet 20 and so cannot 

be a source of contamination for the filtered fluid 
inside the tube sheet 20. 

6. Service personnel do not need to enter con- 
taminated regions of the vessel 10 in order to re- is 
place the filter elements 41, so health risks to 
service personnel are reduced. In addition, since 
replacement of the filter elements 41 can be per- 
formed from inside the tube sheet, there is much 

less possibility of damage due to inadvertent con- 20 
tact by a service worker with filter elements 41 
adjoining a filter element 41 which is being re- 
placed. 

7. A tubular tube sheet 20 can be lighter and more 
economical to manufacture than a conventional 25 
flat tube sheet supporting the same number of fil- 
ter elements. 

The tube sheet is not restricted to being cylindri- 
cal and can be elliptical or polygonal in cross section, 
for example. Figure 4A shows a modification of the 30 
embodiment of Figure 1 in which a tube sheet 30 has 
an octagonal cross section with eight vertical sides 
arranged about the longitudinal axis of the vessel 10. 
Each side supports a plurality of inclined filter assem- 
blies 40 in substantially the same way as the cylindri- 35 
cal tube sheet 20 described above with reference to 
Figures 1 to 3. An octagonal end wall is fixed to the 
side walls at the bottom of the tube sheet 30, enclos- 
ing the bottom of the chamber defined by the tube 
sheet 30. 40 

For economy of manufacture, the tube sheet 20 
is preferably tubular, i.e., an elongated hollow mem- 
ber with a uniform cross-sectional shape over a sub- 
stantial portion of its height. However, a tube sheet 
which varies in cross- sectional shape is also possible, 45 
such as a conical or pyramid-shaped tube sheet. 

In the embodiment of Figure 1 , the filter elements 
41 are arranged in tiers (Figure 3A illustrates a single 
tier), and the angle of slope a is the same for all the 
filter elements 41 in a single tier so that the filter ele- so 
ments 41 in the tier define a conical shape. However, 
it is possible for the angle of slope a to vary among 
the filter elements 41 within a tier. Furthermore, in the 
illustrated embodiment, the angle of slope a is the 
same for each tier over the height of the tube sheet 55 
20 so that filter elements 41 in different tiers are par- 
allel to one another, but this need not be the case, and 
the angle of slope a may vary over the height of the 



tube sheet 20. The f ilter elements 41 in each tier are 
evenly spaced around the entire periphery of the tube 
sheet 20, but the spacing between the filter elements 
41 can be variable, and they need not be installed 
around the entire periphery. The filter events ■ ; n 
adjoining tiers mav be ins^iiea cm:::r/ rr.sa one an- 
other, or they may be staggered from one another in 
the circumferential direction of the tube sheet 20. 

In Figure 1 , all of the filter elements 41 are shown 
extending nonvertically from the tube sheet 20. How- 
ever, it is possible for some of the filter elements 41 
to extend vertically, such as the filter elements 41 
mounted on the lower end of the tube sheet 20 in or- 
der to more effectively utilize the space beneath the 
tube sheet 20. 

The filter elements 41 are illustrated ail navmg 
the same length, but the lengths may vary depending 
on where the filter elements 41 are disposed on the 
tube sheet 20. 

A filtering apparatus according to the present in- 
vention may include more than one tube sheet. Figure 
5A illustrates an embodiment of the present invention 
in which a vessel 10 contains four separate tube 
sheets 35, each defining a separate chamber 36 hav- 
ing a periphery surrounded by the tube sheet 35. 
Each tube sheet 35 has an arcuate rear wall 37 par- 
allel to and adjacent the curved interior surface of the 
vessel 10 and an oppositely curved front wall 38 ex- 
tending between the widthwise ends of the rear wall 
37 and projecting towards the center of the vessel 1 0. 
Each front wall 38 supports a plurality of filter assem- 
blies 40 arranged in tiers and having filter elements 
41 at an angle a to the vertical as described above 
with reference to Figures 1 to 4. The filter elements 
41 may be supported by support members, such as 
those illustrated in Figs. 2Aand 2B. 

Each tube sheet 35 includes an outlet 39 extend- 
ing from the rear wall 37 of the tube sheet 35 through 
an associated outlet 16 in the vessel 10 for passage 
of filtered gas from the interior of the associated 
chamber 36 to the exterior of the vessel 10. 

The lower end of each tube sheet 35 is closed off, 
and the upper end of each tube sheet 35 communi- 
cates with an associated service opening provided in 
the upper portion of the vessel 10 so that a service 
worker can enter the tube sheet 35 to install and re- 
place the filter elements 41 . Alid 1 4 and a heat shield 
19 of the kind described above with reference to Fig- 
ure 1 may be provided for each tube sheet 35. The di- 
mensions of each tube sheet 35 are preferably suffi- 
ciently large that each filter element 41 can be entire- 
ly withdrawn into the tube sheet 35 in the lengthwise 
direction of the filter element 41. 

In use, the filter elements 41 operate to remove 
particles from hot gases in the same manner as in the 
embodiment of Figure 1 . The use of a plurality of tube 
sheets has the advantage, however, that the filter ele- 
ments 41 of each tube sheet can be cleaned as a 



6 



11 



EP 0 682 971 A1 



12 



group by blowback, for example, while the filter ele- 
ments 41 of the other tube sheets continue to filter 
hot gas. 

If all of the filter elements 41 in each tier are of 
the same length, as in the embodiment of Figure 5A, 5 
there may be significant empty space near the axial 
center of the vessel 10 which could be employed to 
house the filter elements 41 . Figure 5B illustrates one 
tube sheet 35 of an embodiment in which the length 
of the filter elements 41 in each tier increases to- w 
wards the widthwise center of the tier, i.e., towards 
the widthwise center of the front wall 38 so that the 
outer ends of the filter elements 41 near the width- 
wise center of the tier extend closer to the axial center 
of the vessel 10 and reduce the amount of unused 15 
space within the vessel 10. The other three unillu- 
strated tube sheets 35 of this embodiment are simi- 
larly constructed with filter elements 41 of varying 
lengths. The structure of this embodiment is other- 
wise identical to the embodiment of Figure 5A. 20 

There are no limits on the number of tube sheets 
which can be installed in a single vessel 10. Further- 
more, when there are a plurality of tube sheets, they 
need not have the shapes illustrated in Figures 5A 
and 5B, and may have filter assemblies mounted 25 
around their entire periphery instead of only on a front 
wall thereof. 

In each of the preceding embodiments, the tube 
sheet is spaced from the inner surfaces of the vessel 
10 and defines a chamber having a periphery sur- 30 
rounded by the walls of the tube sheet. While it is pos- 
sible to attach the tube sheet to the inner surface of 
the vessel 10 so that the vessel 10 forms one of the 
sides of the chamber, it is preferable that the chamber 
be separated from the inner surface of the vessel 10 35 
by the tube sheet so that the insulating material 17 is 
disposed outside of the chamber and cannot contam- 
inate the downstream side of the tube sheet. 

One example of an application of a filtering appa- 
ratus according to the present invention is for filtering 40 
hot gases in a power generation system where hot 
gases from pressurized fluidized bed combustion are 
passed to a gas turbine for power generation. The hot 
gases generated by such a bed are laden with partic- 
ulate matter such as dust and ash. The gases are ini- 45 
tially passed through a cyclone which removes the 
larger particles but, in general, the hot gas leaving the 
cyclone will be laden with fly ash. The filtering appa- 
ratus of the present invention can then be used to re- 
move such fly ash. so 

The particle-laden hot gas is fed into the vessel 
10 through the inlet 15. There is a pressure differen- 
tial between the vessel 10 and the interior of the tube 
sheet 20, so the hot gases are drawn into the tube 
sheet 20 through the filter elements 41, which act to 55 
remove the fly ash. The gases then exit through the 
outlet 1 6 to the gas turbine. The heat shield 1 9 shields 
the flange 13 and the lid 14 from the high temperature 



gases within the tube sheet 20. 

The pressure drop across the filter el ments 41 
increases with time due to the accumulation of par- 
ticulate matter within and on the exterior of the filter 
elements 41. It is the increase in pressure drop 
caused by such accumulation that determines the ef- 
ficient functioning of the apparatus rather than the fil- 
tration efficiency, since the retention efficiency of 
ceramic filter elements, commonly used in hot gas fil- 
tration, is close to 100%. 

For this reason, when the pressure drop across 
the filter elements 41 reaches a certain level, it is de- 
sirable to either replace or clean the filter elements 41 
and thereby reduce the pressure drop to a suitable 
level. The filter elements 41 can be cleaned by pro- 
ducing reverse fluid flow through the filter elements 
41 in the opposite direction from the normal flow di- 
rection during filtering, i.e., from the inside of the tube 
sheet 20 towards the outside. Such a reverse flow 
can be produced in a variety of ways, such as by in- 
troducing a fluid for cleaning into the tube sheet 20 
through the outlet 1 6 of the vessel 1 0 and having the 
cleaning fluid flow through all the filter elements 41 
simultaneously. 

However, when the filter elements 41 are used 
for filtering gases, it is generally preferred to clean the 
filter elements 41 by blowback in which a gas is di- 
rected into the downstream end of each filter element 
41 individually. As discussed above, if separate pip- 
ing for a blowback gas is provided for each filter ele- 
ment 41 , the length and cost of the piping for a filtering 
apparatus having a large numberof filter elements 41 
can be extremely large. 

Therefore, according to one aspect of the present 
invention, a reverse flow cleaning fluid, such as a 
blowback gas, is preferably supplied to individual fil- 
ter elements 41 through one or more passages de- 
fined by the walls of the tube sheet 20. As best shown 
in Figure 6, which is an enlarged view of the down- 
stream end of one of the filter assemblies 40 of the 
embodiment of Figure 1 . the tube sheet 20 in this em- 
bodiment has a double-walled construction with an 
inner wall 23 and an outer wall 24 separated from the 
inner wall 24 by a space 25 which serves as a pas- 
sage for cleaning fluid. As shown in Fig. 1, cleaning 
fluid can be introduced into the space 25 from outside 
the vessel 1 0 through a cleaning fluid inlet 26 passing 
through an upper portion of the vessel 10, such as the 
lid 14. The inlet 26 is connected with the tube sheet 
20 by a connecting pipe 27 having an upper end con- 
nected to the cleaning fluid inlet 26 and a lower end 
connected to the inner wall 23 of the tube sheet 20. 
If the cleaning fluid inlet 26 passes through the lid 1 4, 
the cleaning fluid inlet 26 and the connecting pipe 27 
are preferably slidably connected to each other so 
that the cleaning fluid inlet 26 can be r adily detached 
from th connecting pipe 27 when the lid 14 is re- 
moved. A slip seal can be disposed between mem- 
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bers 26 and 27 to prevent leakage of the cleaning flu- 
id. The cleaning fluid inlet 26 can be connected to a 
source of a suitable cleaning fluid, which can be se- 
lected based on the characteristics of the filter ele- 
ments 41. When the filter elements 41 are ceramic fil- 5 
ter elements for hot gases, examples of a suitable 
cleaning fluid are preheated nitrogen or air intro- 
duced into the cleaning fluid inlet 26 from a pressu- 
rized reservoir. 

In Figure 6, the filter element 41 is supported by 10 
a mount 42 which enables the filter element 41 to be 
mounted on and dismounted from the tube sheet 20 
from within the chamber 21 inside the tube sheet 20 
without disassembling the tube sheet 20. The mount 
42 includes a cylindrical outer tube 43 and a cylindri- 15 
cal inner tube 47 slidably received within the outer 
tube 43. The outer tube 43 passes through the inner 
and outer walls 23 and 24 and is connected to both 
walls in a fluid tight manner such as by welding. The 
inner end or downstream end of the filter element 41 20 
has an enlarged portion, and the lower end of the out- 
er tube 43 has a bore 44 shaped to receive the en- 
larged end. The filter element 41 passes through a 
hole 45 in the outer tube 43 having a diameter smaller 
than the outer diameter of the enlarged portion of the 25 
filter element 41 so that the filter element 41 will not 
fall out of the outer tube 43. A hollow fuse 60 for pro- 
tecting the filtering apparatus in event of breakage of 
the filter element 41 may be installed on the down- 
stream end of the filter element 41. The fuse 60 is 30 
constructed of a coarse grade of filter medium, such 
as a sintered porous metal medium and presents a 
relatively small filtration surface. When the filter ele- 
ment 41 is functioning normally, only clean fluid which 
has already passed through the filter element 41 35 
flows through the coarse fuse 60, so it produces only 
an insignificant pressure drop. If the filter element 41 
should break or crack and allow unfiltered fluid to 
pass through it, due to the small filtration surface of 
the fuse 60, a particulate matter in the unfiltered fluid 40 
will quickly plug up the fuse 60 and effectively prevent 
fluid from passing through the fuse 60. While the fuse 
60 is optional, it is frequently desirable in fluid sys- 
tems in which it is important to prevent contaminants 
from reaching the downstream side of the tube sheet 45 
20 under all conditions. 

The filter element 41 and the fuse 60 are held in 
place between the lower end of the outer tube 43 the 
lower end of the inner tube 47, which has a bore 48 
corresponding to the shape of the lower end of the so 
fuse 60 and a ledge 49 opposing a shoulder formed 
on the lower end of the fuse 60. A metal spacer 61 and 
seal members 62 are sandwiched between the lower 
end of the fuse 60 and the inner end of the filter ele- 
ment 41. When the inner tube 47 is pressed into the 55 
outer tube 43, the seal members 62 are compressed 
between the fuse 60, the filter element 41. and the 
spacer 61 form a fluid tight seal. Furthermore, seal 



members 63 and 64 may be installed between the 
bore 44 of the outer tube 43 and the. enlarged portion 
of the filter element 41, and between the bore 48 of 
the inner tube 47 and the shoulder of the fuse 60 to 
create fluid tight seals in these regions. The seal 
members 62 - 64 can be selected in accordance with 
the type of filter elements and the filtering conditions. 
When the filter element 41 is used to filter hot gases, 
an example of a suitable material for the seal mem- 
bers is a high temperature gasket material available 
from 3M Corporation under the trade designation In- 
teram. 

The upper ends of the inner and outer tubes 43 
and 47 are open so that fluid filtered by the filter ele- 
ment 41 can flow into the chamber 21 defined by the 
tube sheet 20. An annular flange 50 is secured to the 
upper end of the inner tube 47. The inner tube 47 can 
be retained inside the outer tube 43 by suitable hold- 
down members, such as one or more washers 54 dis- 
posed held against the flange 50 ' '-<:::c:'i 
screw into a flange formed on the ol^, tube 43 or into 
the inner wall 23 of the tube sheet 20. 

A nozzle 52, such as a venturi or one which di- 
verges towards the downstream end of the filter ele- 
ment 41 , is mounted inside the inner tube 47 between 
the fuse 60 and the inner end of the inner tube 47. 
Holes 46 and 51 for cleaning fluid are formed in the 
walls of the outer tube 43 and the inner tube 47, re- 
spectively, between the space 25 between the walls 
of the tube sheet 20 and the inside or he inner tube 
47. A curved pipe 53 for directing cleaning fluid into 
the nozzle 52 is mounted on the inside of the inner 
tube 47 with one end communicating with the hole 51 
in the wall of the inner tube 47 and the other end op- 
posing the narrow end of the nozzle 52. 

During filtering operation, process fluid which 
has been filtered by the filter element 41 flows 
through the fuse 60, the nozzle 52, and then into the 
chamber 21 defined by the tube sheet 20 through the 
inner end of the inner tube 47 as shown by the hollow 
arrow. Backpressure within the space 25 prevents 
any significant amount of process fluid from flowing 
through the pipe 53 and into the space 25 between 
the walls of the tube sheet 20. When the filter element 
41 is to be cleaned by blowback, the flow of process 
fluid is typically interrupted and the blowback fluid is 
introduced into the space 25 between the walls of the 
tube sheet 20 from outside the vessel 10. As shown 
by the solid arrows, the blowback fluid flows through 
the holes 46 and 51 in the outer and inner tubes 43 
and 47, through the pipe 53, through the nozzle 52, 
and then in the reverse flow direction through the 
fuse 60 and the filter element 41. Contaminants ac- 
cumulated on the exterior of the filter element 41 are 
dislodged by the reverse flow and fall from the filter 
elements 41 to the bottom of the vessel 10, from 
which they can be removed via the particulate outlet 
11. The slope of the filter elements 41 with respect to 
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the vertical makes it easier for the contaminants to 
slide down the filter elements 41 and so increases the 
efficiency of blowback cleaning. 

To replace rather than clean the filter element 41 , 
the hold down bolts 55 and washers 54 may be re- 5 
moved from inside the chamber 21. The inner tube 47 
along with the fuse 60 and spentf ilter element 41 may 
then be pulled up into the chamber through the outer 
tube 43. A new filter element 41 and fuse 60 can be 
inserted into the outer tube 43 from the inner end w 
thereof, and the inner tube 47 can then be inserted 
into the outer tube 43 to clamp the fuse 60 and the fil- 
ter element 41 in place. The bolts 55 and washer 54 
can then be reinstalled to hold the inner tube 47 in 
position. is 

When the embodiment of Figure 6 is used for fil- 
tering hot gas, if cleaning by blowback is carried out 
soon after filtering has been performed, the walls 23 
and 24 of the tube sheet 20 will retain heat from the 
filtering operation and will warm the blowback fluid 20 
passing through the space 25 hefore the blowback 
fluid contacts the filter elements 41 . This warming of 
the blowback fluid is advantageous because it reduc- 
es the possibility of damage to the filter elements 41 
by thermal shock, particularly when the filter ele- 25 
ments 41 are ceramic candles. Moreover, the space 
25 between the walls of the tube sheet 20 provides a 
large cross-sectional flow area for the blowback fluid, 
so pressure losses in the blowback fluid flow path are 
minimized. 30 

In order to enhance the ability of the tube sheet 
20 to warm the blowback fluid, the space 25 may con- 
tain objects 29 having good heat retaining properties, 
such as balls, plates, or a corrugated structure made 
of a ceramic or a high-temperature metal, as shown 35 
in Figure 6. These heat retaining objects 29 can ab- 
sorb heat through the walls 23 and 24 of the tube 
sheet 20 during filtering, and then transfer the re- 
tained heat to blowback fluid passing through the 
space 25 during blowback cleaning. The number and 40 
size of the heat retaining objects 29 can be selected 
in accordance with the desired flow rate through the 
space 25 and the desired rate of heat transfer. 

The double-walled construction of the tube sheet 
20 is also advantageous in that the tube sheet can be 45 
far lighter than a solid tube sheet of the same stiff- 
ness because of the high bending modulus obtain by 
spacing the walls 23 and 24 from one another. A dou- 
ble-walled tube sheet is therefore far more econom- 
ical than a solid tube sheet, particularly when the 50 
tube sheet is made of an expensive high- temperature 
m tal. For example, for a filter vessel with a diameter 
of 12 feet, a conventional solid tube sheet might need 
to be 5 or 6 inches thick, whereas the inner and outer 
walls of a double-walled tube sheet according to the 55 
present invention can each be less than an inch thick. 
Since the walls 23 and 24 of the tube she t 20 are 
much thinner than a solid tube sheet, it is easier to 



form holes in the walls for receiving the mount 42 of 
a filter assembly 40, thus decreasing manufacturing 
costs. These advantages can be obtained whether or 
not the space 25 between the walls of the tube sheet 
20 is used to transport a cleaning fluid. 

For the same reasons, given the same amount of 
material, a double-walled tube sheet according to the 
present invention can be far stronger than a solid tube 
sheet. This advantage is especially important at high 
operating temperatures, at which the strength of the 
material forming the tube sheet generally decreases. 

The space 25 between the walls 23 and 24 of the 
tube sheet 20 may be a continuous annulus as 
viewed from above, so that all of the filter elements 
41 are supplied with cleaning fluid simultaneously. Al- 
ternatively, as shown in Figure 3B, which is an en- 
larged view of a portion of the tube sheet 20 of Figure 
3A, the space 25 can be divided into a plurality of flu- 
idly isolated sections by vertical partitions 28 sealing, 
ly connected between the walls 23-and 24 of the tube 
sheet 20. By separately introducing cleaning fluid into 
the different sections, the filter elements 41 of one 
section can be cieaned independently of the filter ele- 
ments 41 of a different section. Different blowback in- 
lets and/or a valving arrangement may be connected 
to the different sections to appropriately introduce the 
cleaning fluid. 

The tube sheet 30 of the embodiment of Figure 
4A and the tube sheets 35 of the embodiment of Fig- 
ures 5A and 5B likewise preferably have a double- 
wall construction so that a cleaning fluid can be intro- 
duced to the filter elements 41 through the walls of 
the tube sheets. 

In the embodiment of Figure 4A, the inner spaces 
of the eight sides of the octagonal tube sheet 30 may 
be either fluidly connected to each other, or they can 
be fluidly isolated from one another so that the filter 
elements 41 mounted on each wall can be cleaned in- 
dependently of each other. Figure 4B is an enlarged 
view of a portion of the embodiment of Figure 4A 
showing a possible structure of the tube sheet 30. 
Each side of the tube sheet 30 has an inner wall 31, 
an outer wall 32 separated from the inner wall 31 by 
a space, and side walls 33 connecting the inner and 
outer walls 31 and 32. The side walls 33 of adjoining 
sides of the tube sheet 30 are rigidly secured to one 
another by welding, for example, but fluidly isolate the 
internal spaces of adjoining sides to permit indepen- 
dent cleaning of the filter elements 41 on each side. 
However, by eliminating the side walls 33 and extend- 
ing the outer wails 32 of adjoining sides so that they 
meet one another, all the sides of the tube sheet 30 
can be made to fluid communicate with each other. 

The structure illustrated in Figure 6 is just one ex- 
ample of how a filter element 41 may be connected 
to a tube sheet of a filtering apparatus according to 
th present invention, and many other methods can 
be employed, depending upon the material of which 
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the filter element is formed. For example, if the filter 
element is formed from a porous sintered metal, it can 
be welded directly to a metal tube sheet without the 
need for a mount to support the filter element. Thus, 
any suitable connecting method known in the art can 5 
be employed to install filter elements on a tube sheet 

Figures 7-10 illustrate embodiments exemplify- 
ing other possible ways of connecting a filter assem- 
bly to a double-walled tube sheet of a filtering appa- 
ratus according to the present invention. In these em- to 
bodiments f the tube sheet 80 is substantially planar 
instead of tubular and has an inner wall 8 1 and an out- 
er wall 82 extending across the interior of an unillu- 
strated filter vessel to separate the inlet and the outlet 
of the vessel. The unillustrated outer peripheral 75 
edges of the walls 81 and 82 are connected together 
by a spacer. The filter elements 41 extend perpendi- 
cularly from the tube sheet 80, However, these ar- 
rangements are equally applicable to a tubular tube 
sheet, such as the tube sheet 20 of the embodiment 20 
of Figure 1 , and can be employed regardless of the 
angle of the filter elements 41 with respect to the tube 
sheet 80 or the vertical, and regardless of the angle 
of the tube sheet 80 with respect to the vertical. 

The embodiment of Figure 7 includes a mount 25 
having a cylindrical outer tube 83 and a cylindrical in- 
ner tube 85 which clamp a filter element 41 and a fuse 
60 therebetween in the same manner as in the em- 
bodiment of Figure 6. The inner tube 85 has a nozzle 
86 integrally formed on its inner surface. One or more s 30 
through holes 84 for cleaning f luid'are formed through 
the wall of the outer tube 83, and these communicate 
with an annular groove 87 formed in the outer periph- 
ery of the inner tube 85. Two connecting holes 88 are 
formed in the inner tube 85 between its upper surface 35 
and the annular groove 87, and a tube 89 having an 
orifice 89a opposing the upper end of the nozzle 86 
is connected between the upper ends of the holes 88. 
The structure of this embodiment is otherwise similar 
to that of the embodiment of Figure 6. Other unillu- 40 
strated filter elements 41 are mounted on the tube 
sheet 80 in a similar manner. 

The outer tubes 83 of the mounts serve not mere- 
ly to attach the filter elements 41 to the tube sheet 80 
but also function as structural supports for the walls 45 
81 and 82 of the tube sheet 80. The result is a strong, 
lightweight structure. 

During normal filtration, filtered fluid flows from 
the filter element 41 to the downstream side of the 
tube sheet 80 (the upper side in Figure 7) as shown so 
by the hollow arrow. When reverse flow cleaning is to 
be performed, cleaning fluid introduced into the 
space between the walls 81 and 82 of the tube sheet 
80 flows into the through holes 84, the annular groove 
87, the connecting holes 88, and the tube 89 and is 55 
jetted from the orifice 89a in the tube 89 towards the 
filter element 41, thus cleaning the filter element 41 
in the same manner described with respect to the em- 



bodiment of Figure 6. The filter element 41 can be in- 
stalled and replaced from the downstream side of the 
tube sheet 80 (the upper side in Figure 7) in the same 
manner as described with respect to the embodiment 
of Figure 6. 

In some cases, it may be desirable to replace the 
filter element 41 from the upstream side of the tube 
sheet 80 instsac* of from the dow~^;;ea;n sids 
also appi ^'J to the embodiments having a tubui*.» 
tube sheet Figure 8 illustrates an embodiment which 
is similar to the embodiment of Figure 7 except that 
each filter element 41 is supported by the tube sheet 
80 so that it can be detached from the upstream side 
of the tube sheet 80. This embodiment includes an 
outer tube 90 and an inner tube 95. The outer tube 90 
has the same overall shape as the outer tube 83 of 
Figure 7 except that it is divided into an upper section 
91 which is secured to the tube sheet 80 and a lower 
section 93 which supports the downstream end of the 
filter element 41 . The two sections 91 and 93 can be 
detachably secured to each other by any suitable 
means, such as by bolts passing through opposing 
flanges 92 and 94 formed on the two sections. The in- 
ner tube 95 is identical to the inner tube 83 of Figure 
7, and the filtering and cleaning operations of this em- 
bodiment are essentially the same as for the embodi- 
ment of Figure 7. 

In the embodiment of Figure 9, each filter ele- 
ment 41 is supported by a mount having a cylindrical 
outer tube 100 sealingly connected to the walls of the 
tube sheet 80 and a cylindrical inner tube 101 slidably 
disposed within the outer tube 1 00. The f ilter element 
41 and a fuse 60 are clamped between the tubes 100 
and 101 in the same manner as in the embodiment of 
Figure 6. A nozzle 102 is secured to the open upper 
end of the inner tube 101. The inner tube 101 is held 
in place inside the outer tube 100 by suitable hold- 
down members, such as one or more washers 103 
pressed against the upper surface of the nozzle 102 
by bolts 104 which screw into the inner wall 81 of the 
tube sheet 80. Cleaning fluid can be introduced into 
the nozzle 102 by a pipe 105 mounted on the inner 
wall 81 of the tube sheet 80 and having a first end 
communicating with the space between the walls of 
the tube sheet 80 and a second end opposing the 
nozzle 102. The hollow arrow in the figure illustrates 
the direction of fluid flow during normal filtration, and 
the solid arrows illustrate the direction of flow of 
cleaning fluid during cleaning. 

In the embodiments of Figures 10Aand 10B, the 
tube sheet 80 is disc-shaped and has planar inner 
and outer walls 81 and 82 of the rigidly connected to- 
gether by a plurality of rigid tubes 106 which are 
sealed to the walls 81 and 82 in a fluid-tight manner, 
such as by welding. The tubes 106 may be of any 
cross-sectional shape, such as cylindrical or polygo- 
nal. A spacer 107 is sealingly connected between the 
walls 81 and 82 along their outer periphery. The entire 
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tub sheet 80 is sealingly connected to the filter ves- 
sel 10 in any suitable manner to separate the inlet 
from the outlet of the vessel 10. For example, the 
spacer 107 can be sealingly connected to a ledge on 
the interior of the filter vessel 10. Alternatively, as 5 
shown in Figure 10B. if the vessel 10 is equipped with 
a body flange connecting upper and lower halves of 
the vessel 10, the spacer 107 can be sandwiched be- 
tween the two halves 10a of the body flange in a fluid 
tight manner. A plurality of filter assemblies are instal- 10 
led the tubes 106 and attached in any suitable man- 
ner which will create a fluid-tight seal. For example, 
a filter assembly mount like the one illustrated in Fig- 
ure 9 can be disposed atop each tube 106 with the 
corresponding filter element 41 extending through 15 
the tube 106 to the upstream side of the tube sheet 
80. Alternatively, if the filter element 41 is made of 
metal, it can be welded directly to one of the tubes 
106. A pipe 105 for cleaning fluid (only one of which 
is shown) is provided for each filter element 41 to di- 20 
rect cleaning fluid into the downstream end of the 
mount The operation of this embodiment is similar to 
that of the embodiment of Figure 9. 

Cleaning fluid can be introduced into the space 
between the walls 81 and 82 of the tube sheet 80 by 25 
suitable piping, which can pass through the tube 
sheet 80 in any convenient location. In the arrange- 
ment shown in Figure 10B, in which the spacer 107 of 
the tube sheet 80 is held between the halves 10a of 
a body flange, one or more inlet pipes 1 08 for cleaning 30 
fluid can be installed on the spacer 107 itself instead 
of passing through a wall of the filter vessel 10. This 
arrangement is quite advantageous, because the 
spacer 107 can be made thick enough to receive a 
large-diameter inlet pipe 108. 35 

The dimensions of the various portions of the 
tube sheet 80 (the thickness of the walls 81 and 82, 
the wall thickness and lengths of the tubes 106) can 
be selected, using well-known structural design prin- 
ciples, based on factors such as the weight which 40 
must be supported by the tube sheet 80, the spacing 
between the filter elements 41, and the differential 
pressure acting across the tube sheet 80 during op- 
eration of the filtering apparatus. 

It will be appreciated that there are a number of 45 
alternatives to the construction described above with 
reference to the drawings. For example, the inclining 
of the filter elements 4 1 away from the vertical can be 
used in an arrangement that does not have a lid 14 
and a heat shield 19. The reverse is true; the lid 14 so 
and the heat shield 19 can be used in arrangements 
which do not have filter elements 41 angled away 
from the vertical. 

Although the vessel 10 is shown to b cylindrical, 
ft could be of any suitable shape. The vessel 10 and 55 
the tube sheet will usually be arranged vertically; but 
this is not essential. Furthermore, although the tube 
sheet is shown as being accessible from the top of the 



vessel 10. this is not necessary; the tube sheet could 
be accessibl from one side of the vessel 10. 

The use of a tube sheet with spaced walls for the 
conduction of a reverse flow cleaning fluid can be 
used with arrangements which do not have filter ele- 
ments 41 angled away from the vertical. Further- 
more, the angled filter elements 41 could be supplied 
with cleaning fluid through a conventional arrange- 
ment of pipes and nozzles. 



Claims 

1. A filtering apparatus comprising: 

a filter vessel having an inlet and an outlet 
for fluid; 

a tube sheet disposed within the filter ves- 
sel and dividing the filter vessel into a first cham- 
ber for unfiltered fluid communicating with the In- 
let and a second chamber for filtered fluid com- 
municating with the outlet, the tube sheet sur- 
rounding the chamber between first and second 
lengthwise ends of the chamber and 

a plurality of elongated filter elements ex- 
tending nonvertically from the tube sheet, each 
filter element having a first end and a second end 
farther from the tube sheet than the first end and 
being at a different height than the first end. 

2. Afiltering apparatus according to claim 1 wherein 
each filter element extends at an angle of approx- 
imately 10 to approximately 60 degrees from the 
vertical. 

3. Afiltering apparatus according to claim 1 wherein 
each filter element extends at an angle of approx- 
imately 20 to approximately 45 degrees from the 
vertical. 

4. Afiltering apparatus according to claim 1 wherein 
the filter elements are supported by the tube 
sheet in a manner permitting their installation and 
removal from within the chamber. 

5. Afiltering apparatus according to claim 1 wherein 
the filter elements are supported by the tube 
sheet in a plurality of sloping tiers. 

6. A filtering apparatus according to claim 1 wherein 
the filter elements comprise ceramic filter ele- 
ments. 

7. Afiltering apparatus according to claim 1 wherein 
each filter element is mounted nonperpendicular- 
ly with respect to the surface of the tube sheet. 

8. Afiltering apparatus according to claim 1 wh rein 
the tube sheet has a longitudinal axis and the f il- 
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ter elements extend substantially radially with re- 
spect to the axis. 

9. A filtering apparatus according to claim 1 wherein 
the filter elements are disposed around substan- 
tially the entire periphery of the tube sheet. 

1 0. Af iltering apparatus according to claim 1 wherein 
the tube sheet has a substantially cylindrical out- 
er periphery. 

11. A filtering apparatus according to claim 1 wherein 
the tube sheet has a polygonal outer periphery. 

12. A filtering apparatus according to claim 1 includ- 
ing a plurality of support tubes mounted on the 
tube sheet, each filter element mounted on one 
of the support tubes and withdrawable from the 
tube sheet into the second chamber through the 
support tube. 

13. A filtering apparatus comprising: 

a filter vessel having an inlet and an outlet 
for fluid; 

a tube sheet disposed within and formed 
separately from the filter vessel and separating 
the inlet from the outlet and having a double-wal- 
led structure with first and second opposing walls 
separated by a space and a spacer extending 
around a periphery of the tube sheet and sealing- 
ly connected between the walls; and 

a plurality of filter elements supported by 
the tube sheet. 

14. A filtering apparatus comprising: 

a filter vessel having an inlet and an outlet 
for fluid; 

a tube sheet dividing an interior of the filter 
vessel into a first chamber for unfiltered fluid 
communicating with the inlet and a second cham- 
ber for filtered fluid communicating with the out- 
let of the filter vessel, the tube sheet having inner 
and outer walls surrounding the second chamber 
between first and second ends lengthwise ends 
of the second chamber, the outer wail surround- 
ing the inner wall and being separated from the 
inner wall by a space; and 

a plurality of elongated filter elements ex- 
tending from the outer wall of the tube sheet. 

15. A filtering apparatus comprising: 

a filter vessel having an inlet and one or 
more outlets for fluid; 

a plurality of tube sheets disposed within 
the filter vessel, each tube sheet surrounding a 
different corresponding chamber for filtered fluid 
having an interior communicating with one of the 
outlets; and 



a plurality of filter elements disposed in 
the filter vessel, each of the tube sheets having 
a plurality of the filter elements extending non- 
vertically therefrom, 
5 the interior of each chamber being acces- 

sible for the removal of filter elements from the 
corresponding tube sheet into the chamber. 

16. A filtering apparatus comprising: 

10 a filter vessel having an inlet and an outlet 

for fluid; 

a tube sheet disposed within the filter ves- 
sel separating the inlet from the outlet and sur- 
rounding a chamber for filtered fluid communicat- 
15 ing with the outlet, the tube sheet having an up- 
right outer surface; and 

a plurality of filter elements supported by 
the upright surface of the tube sheet, 

the interior of the chamber being accessi- 
20 ble for the removal of filter elements from the 
tube sheet. 

17. A filtering apparatus comcr~^n: 

a filter vessel having niet and an . ! 
25 for fluid; 

a tube sheet disposed within the filter ves- 
sel and separating the inlet from the outlet and 
having a first tubular wall and a second tubular 
wall surrounding the first tubular wall and sepa- 
30 rated from the first tubular wall by a space; 

a plurality of filter elements extending 
from the second wall of the tube sheet; and 

a passage for cleaning fluid communicat- 
ing between the space and the outside of the ves- 
35 sel for supplying cleaning fluid to the filter ele- 
ments through the space. 

18. A filtering apparatus comprising: 

a filter vessel having an inlet and an outlet 

40 for fluid; 

a tube sheet disposed within the filter ves- 
sel and dividing the filter vessel into a first cham- 
ber for unfiltered fluid communicating with the in- 
let and a second chamber for filtered fluid com- 

45 municating with the outlet, the tube sheet com- 
prising first and second opposing walls separated 
by a space and a plurality of support tubes each 
rigidly secured to the first and second walls of the 
tube sheet and communicating between the first 

so and second chambers; 

a plurality of filter elements disposed in 
the first chamber and each supported by one of 
the support tubes. 

55 19. A filtering apparatus comprising: 

a filter vessel having an inlet and an outlet 
for fluid; 

a tube sheet disposed within the filter ves- 
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sel and dividing the filter vessel into a first cham- 
ber for unf iltered fluid communicating with the in- 
let and a second chamber for filtered fluid com- 
municating with the outlet, and 

a plurality of elongated ceramic candle fit- 5 
ter elements mounted on and sloping nonverti- 
cally from the tube sheet. 
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